WHO MONICA Project were thus a unique opportunity to address several issues in relation to coronary heart disease premature mortality and occupational categories in men: 1) do differences between occupational categories relate to the incidence of the disease or case fatality, or both? 2) are the disparities in risk factor distribution related to the inequalities in cardiovascular morbidity and mortality?
METHODS

Registers
Definition of cases. Three MCC have participated in the WHO MONICA Project in France: MCC-Lille (LIL), MCC-Strasbourg (STR) and MCC-Toulouse (TOU). The geographical areas are respectively the Urban Community of Lille (LIL) and two French districts: Bas-Rhin (STR), Haute-Garonne (ToU), 13 each with a population of about one million inhabitants. Data collection concerns the age range 25-64 years. The 30-59 age range was used for the present study.
Morbidity data were systematically collected by the investigators in the public and private hospitals of the area; in the emergency departments as well as in cardiologists' private practices. General practitioners were interviewed mainly during the search for further information on causes of death. Each event diagnosed as coronary heart disease (CHD) or events with symptoms compatible with CHD-such as chest pain, shock, arrhythmia, left ventricular insufficiency-were further investigated. Assessment of the prognosis 28 days after the CHD episode required additional information from the doctors in charge of the patient. In addition to these sources, death certificates were used for mortality data. Any death certificate on which a diagnosis related to CHD had been mentioned as main diagnosis, secondary diagnosis or associated cause was followed up by further investigation. The ICD-9 codes included CHD (410-414); sudden death (797-799); arterial hypertension (401-405); other heart diseases (420-429); cerebrovascular disease (430-438); disease of the arteries, arterioles and capillaries (440-447); shock (785.5); pulmonary embolism (415); heart failure (428). Other diagnoses with high cardiovascular risk, such as diabetes (250), hyperlipaemia (272) or obesity (278) were also investigated.
Technical definitions from the MONICA manual have been published in detail. 13 Diagnostic criteria included symptoms, history of previous acute myocardial infarction (AMI) or CHD, electrocardiograms, enzyme activities and necropsy findings. Coronary events were designated as fatal and non fatal according to the date of death, before or after midnight between the 27th and the 28th day following the first event. Record linkage was used during this 28-day period in order to avoid duplication; episodes occurring more than 28 days after the first event were not linked. Data on previous AMI were the sole information used to distinguish first from recurrent event. External quality control was performed by the WHO Reference Centre in Dundee (Prof. Tunstall Pedoe). 13 In this paper, a clinical classification of events was used, taking into account, in addition to MONICA criteria, the clinical diagnosis and/or cause of death on the death certificate.
The AMT were thus defined as: AMI according to MONICA criteria (Fl and NFI), coronary death (MONICA category: F2), possible myocardial infarction (MONICA category: NF2), no myocardial infarction (MONICA category: NF4) with clinical diagnosis of AMI, death with insufficient data (MONICA category: F9) with diagnosis of AMI on the death certificate.
Other acute coronary events were defined as: possible AMI (MONICA category: NF2) without clinical diagnosis of AMI, no myocardial infarction (MONICA category: NF4) with clinical diagnosis (CIM-9:411-414), death with insufficient data (MONICA category: F9) with CHD code on the death certificate (CIM-9: 411-414).
The following categories will be used: AMI and A11 Coronary Events (ACEV) which include AMI and other acute coronary events.
Population
The population living in the three geographical areas was obtained from the 1982 and 1990 census data. The demographic evolution was supposed to be linear between these two years. The size of each age group in each occupational category and region was thus estimated according to this hypothesis. As a whole, the distribution of occupational categories differed between the three regions (P Ͻ 0.001). The percentage of workers was the main difference, being significantly lower in TOU (28%) compared with 41% and 39% in STR and LIL respectively.
Population Surveys
A cross-sectional study was performed in the general population of the three register areas in 1985-1987 (STR and TOU) and 1986-1989 (LIL). A random sample stratified on age was obtained and drawn from the census data. The response rates were 66% (STR), 58% (TOU) and 69% (LIL). A total sample of 4576 men and women aged 25-64 was obtained. The subsample of 1863 men aged 30-59 was used for the present analysis. Blood pressure (BP) was measured with a mercury sphygmomanometer, in a sitting position, after a 5-minute rest. The mean of two measurements, separated by more than 5 minutes, was used for calculations. Information on smoking habits and antihypertensive drug use was obtained from the subject through an interview by a trained interviewer. The prevalence of hypertension was defined by BP levels-using two different levels: 160/95 and 140/90 mmHg-and/or antihypertensive treatment. Thiocyanate levels were used to assess smoking status. The prevalence of diabetes was assessed by interview. Total cholesterol concentration was measured after overnight fasting (LIL and TOU) or not (STR). Internal and external quality controls were used (MONICA Quality Control Centre on lipid standardization, Dr Gratnetter, Prague).
Classification of Occupational Categories
Occupational categories were coded in each region according to the INSEE (French National Statistical Institute) classification. The French INSEE classification, widely used for research and administrative purposes, has been used since the 19th century.
14, 15 The notions of trade associations, the distinction between public and private sectors and, recently, the hierarchy among wage earners have been progressively added to build this measure of social class. The categories have thus been built along three axes: occupation, income and education. In some analyses, occupational categories were ranked according to income or education level as given by INSEE. 16 Employees and workers have roughly the same low income, 16 the distinction between these categories being basically non-manual versus manual. In addition, employees are defined negatively as working neither in the industrial, nor in the agricultural or craft sectors. Income increases progressively from middle executives, farmers and craft persons to senior executives. With regard to possessions, categories 1 and 2 have the highest levels, workers and employees the lowest. With regard to education, employees have a higher level than workers. However, the educational level of employees has increased less than that of the general population in the last 30 years. 16 On this axis, the level increases from workers and farmers to middle and senior executives; employees and craft persons being at an intermediate level. 16 During the 1980s, the occupational category of employees has been characterized by an increasing number of unskilled jobs, with few qualifications and low job stability. 17 Data on social category were missing in 10% and incomplete in 3% of the events. Events with insufficient data were thus classified among age groups and occupational categories proportionally to the distribution of these variables in the group of events with complete data. Due to the sample size, some occupational categories had to be aggregated in order to avoid small cell size (Ͻ30), leading to 15 categories instead of 20 for mortality and morbidity (Table 2) .
Statistical Analysis
Incidence was calculated as the number of first AMI or ACEV events recorded between 1985 and 1989 divided by the total number of person-years of exposure during this period (Table 1) . Case fatality rate (CFR) was computed for ACEV only. It was defined as: (fatal ACEV/ fatal + non-fatal ACEV). 13 For the analysis of the registry data, a total of 180 statistical units was defined according to age (three categories), occupational categories (N = 20) and region (N = 3). A multiple logistic regression analysis was performed, using age, occupational categories and region as independent variables, and incidence and CFR as dependent variables. In this analysis, the group of skilled workers, numerically more important, was chosen as reference group. The confidence intervals (CI) were calculated using the normal approximation of the binomial distribution. For the population surveys, the relationship between occupational category and risk factor level was adjusted on age and region. A general linear model was used for continuous variables such as blood pressure or cholesterol, and a logistic regression analysis for categorical data such as prevalence of smokers.
Occupational categories were then ranked according to increasing adjusted incidence of AMI, ACEV, CFR on the one hand, and risk factors mean level on the other hand. In order to correlate the ranks of occupational categories according to coronary events and risk factors, the 15-category classification was used.
Statistical analysis was done with the SAS statistical package. 18 
RESULTS
Morbidity and Mortality Data from the Registers
Results by region. Compared with LIL, the incidence of AMI was higher in STR (ratio: 1.16: 95% CI: 1.06-1.27, P Ͻ 0.001) and in TOU (ratio: 1.10; 95% CI: 1.00-1.21, P Ͻ 0.05). The incidence of ACEV did not differ significantly between regions. As compared with LIL, the CFR was lower in TOU (ratio: 0.59; 95% CI: 0.50-0.70) and not significantly different in STR (Table 1) . When occupational categories were also included in the model, these results remained globally unchanged.
Validity of the data. In order to assess variations in coding practices and/or information available between regions, the ranks of the occupational categories in different regions were analysed. When the ranks of occupational categories in two regions were compared with those observed in the third one, the correlations were high, whether fatal or non-fatal ACEV were compared: LIL and TOU versus STR (r = 0.64, P Ͻ 0.01; r = 0.86, P Ͻ 0.001, respectively); TOU and STR versus LIL (r = 0.69, P Ͻ 0.01; r = 0.77, P Ͻ 0.001); LIL and STR versus TOU (r = 0.77, P Ͻ 0.001 for both). The rank correlation between occupational categories according to AMI and ACEV was high (r = 0.96. P Ͻ 0.001). Moreover, the ranks of occupational categories according to educational level were highly correlated when education was assessed by the census data or stated by the subject in the population survey (r = 0.90; P = Ͻ0.001).
Incidence, Case Fatality Rates and Occupational Categories
Large differences of incidence of AMI and ACEV were observed between occupational categories, ratios ranging from 1 to 4 between the lowest and the highest one ( Table 2 ). The incidence of AMI was higher among employees, managers, retired and non-active men. The same was true for ACEV; however for this category of events, workers also had a high incidence. On the other hand, senior level executives and craftsmen had lower incidences of AMI and ACEV.
The between-category CFR ranged from I to 3 between the lowest and the highest occupational category ( Table 2 ). The case fatality was lower among the senior executives of the private sector, and higher among unskilled workers, non-active and the retired ( Table 2) .
Differences in ACEV incidence and CFR were observed whatever the economic sector-agriculture. independent workers, civil service. commercial private sector, or industrial private sector. In each of these sectors, a general tendency was observed, showing the highest lethality and incidence of coronary events among the occupational categories with a low income (Figure 1) .
However, incidence and case fatality diverged in some categories; they were, respectively, low and high among farmers, high and low among managers. Both were high among unskilled and agricultural workers. Incidence only was high among employees.
Risk Factor Distribution in the Population Survey
Population characteristics. Among the 1863 subjects aged 30-59 who were included in the population survey, the mean systolic blood pressure (SBP) and diastolic blood pressure (DBP) (± SD) were 137.0 ± 18.3 and 89.4 ± 11.8 mmHg. The prevalence of hypertension (WHO criteria, 160/95 mmHg and/or current antihypertensive treatment) was 33.9%, 8.4% of the sample was under current antihypertensive treatment. Using 140/90 mmHg as a cut point, the prevalence of high blood pressure was 55.6%. The mean BMI was 26.0 ± 3.6 kg/m 2 . The prevalence of smokers was 43.8% and the cigarette consumption among current smokers was 18.6 ± 11.8 cigarettes/day. The alcohol intake was 35.4 ± 30.5 g/day. The prevalence of diabetes was 4.6%. Total cholesterol was 230.3 ± 53.0 mg/1; HDL-cholesterol 52.7 ± 17.3 mg/1. In the whole sample, 4.6% of the subjects were under current hypolipaemic drug treatment. The educational level was 11. I ± 3.8 years of schooling (the tertiles of 50 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY educational level were Ͻ9 years; 9-11 years; у 12 years). The distribution of occupational categories is shown in Table 3 .
Risk factor distribution and occupational categories.
Total cholesterol, HDL-cholesterol and BMI were not significantly different according to occupational categories. SBP was associated with occupational categories in the whole sample (P Ͻ 0.05) ( Table 3) as well as among subjects under current antihypertensive treatment (P = 0.05) ( Table 4 ). The same tendency was observed for DBP; however, it was not statistically significant. The prevalence of hypertension (at both levels of BP) did not differ between occupational categories. The prevalence of smokers was related to occupational categories (Table 3) , as well as the number of cigarettes among smokers (P Ͻ 0.001) and the thiocyanate levels (P Ͻ 0.01).
Risk factor distribution and educational level.
Total cholesterol and HDL-cholesterol were not significantly associated with educational level. A higher BMI was observed among men with less education (P Ͻ 0.001) before or after adjustment for occupational categories. HDL-cholesterol was not significantly correlated with alcohol intake or the prevalence of smokers. The SBP and DBP were significantly lower in the upper tertile of educational level (у12 years) (P Ͻ 0.001 and P Ͻ 0.01 respectively after adjustment for age and region) ( Table 5 ). SBP remained significantly and negatively related to educational level after adjustment for occupational categories (P = 0.03). The percentage of smokers was higher in the lowest tertile of educational level, as was the number of cigarettes per day among smokers (P Ͻ 0.001).
Correlation Between the Ranks of Occupational Categories According to Risk Factor Distribution and Incidence
In this analysis, occupational category was used as statistical unit. They were ranked in ascending order of cardiovascular risk factors on one axis and ascending order of occurrence of coronary events on the other axis. The correlation of the ranks of occupational category along these two axes were then computed. From this procedure, the correlation between incidence or case fatality on the one hand and risk factors on the other hand was estimated. Using this methodology, a significant correlation was observed between the incidence of AMI and ACEV and the prevalence of smokers, the number of cigarettes among smokers and the thiocyaslate levels ( Table 6 ). The same tendency was noted between the incidence of ACEV and the prevalence of hypertension (P = 0.07). The educational level was negatively related to the incidence of AMI and ACEV. In contrast, the incidence of events was not related to BP, total cholesterol, HDL-cholesterol, prevalence of diabetes or BMI (Table 6) .
Correlation Between the Ranks of Occupational Categories According to Risk Factor Distribution and Case Fatality Rate
The CFR was associated with SBP, prevalence of hypertension, as well as with the prevalence of smokers and the number of cigarettes among smokers. In contrast, it was not related to cholesterol, HDLcholesterol, prevalence of diabetes, BMI or educational level (Table 6 ). DISCUSSION Large differences were observed in France between occupational categories in fatal and non-fatal coronary event rates among men Ͻ60 years of age. Occupational categories, such as workers, have both high incidence and CFR, contrasting with both low incidence and CFR for senior level executives. However, employees were found to have high incidence contrasting with average CFR. In most economic sectors, in industry or services, in the private or public sector, the higher the mean income of an occupational category' the lower the incidence and mortality. In addition, these disparities were found to be closely related to the distribution of two major risk factors-blood pressure and tobacco consumption-among occupational categories.
Among some limitations of the MONICA registers, 13 two might be relevant to our study. They concern the registration of events among occupational categories as well as the codification of these categories themselves. In order to explain the observed results the registration bias would have to increase the probability of reporting a coronary event among men of the lower classes. The awareness of the social stratification of cardiovascular diseases being low in France, the senior executive still remains the archetypical coronary patient. The image of a lower class man is not associated with CHD. A higher reporting activity is thus unlikely in these occupational categories. In addition, a systematic review of death certificates in Lille has shown that neither age, sex or occupational category were related to codification errors for CHD. 19 This is in keeping with results from Scotland comparing causes of death as coded by clinicians who were aware of the patient's social status and pathologists unaware of it. 20 Differences in registration and codification among occupational categories might be suspected between the three French regions. However. the ranking of occupational categories was concordant between the three registers. The codification of the occupational category was performed in each MCC according to the INSEE classification, by the same staff for the registries and the population survey. Close co-operation with INSEE and between the French MCC and cross-validation of the codification between MCC minimized coding differences between regions. A high correlation between data on education from the census and from the population survey does not suggest a bias in data collection. The assessment of cardiovascular risk factors is also unlikely to be biased. The quality of the measure of biological variables such as cholesterol or HDL-cholesterol was assessed within the framework of the MONICA Project. However, BP measurement. although standardized, was based on one visit and thus probably overestimated. However, this fact might not a priori affect comparisons between categories.
Information on occupational categories was missing in 13% of events. The events were thus classified among occupational categories in proportion to the social distribution in the region concerned. In order to produce the results observed in our analysis, missing events should have been more frequent among higher than lower occupational categories, which seems an unlikely hypothesis.
Despite these limitations, the results are concordant with what has been reported in France as well as in other countries. Increasing differences between occupational categories from 1970 to 1990, with a higher mortality of employees, have been reported in France. 2 Using various indicators of socioeconomic status, similar disparities were reported in Great Britain, 3,7 the US 6 Australia 4 and New Zealand. 5 Comparability with other countries requires indicators of social status. Educational level was reported to be an indicator of socioeconomic status which was most often associated with risk factors, as compared with income and occupation. 21 Being reliable, reproducible, stable 54 over time and easily stated by individuals, this indicator might in fact be useful for international comparisons. In our study, educational level was closely related to incidence and to occupational category, suggesting that the measure of socioeconomic status used in our study reflects at least partly the educational level.
Our results provide an additional insight into these studies. They allow a distinction between incidence and CFR and identify which risk factors might be involved in explaining the differences. The disparities were found to concern the incidence as well as the CFR, although they were more marked for incidence. This result emphasizes the need to establish which components of the socioeconomic status are more or less predictive of health outcomes in various environments. 22 In this respect, the lack of relationship between education and CFR is not concordant with the Beta-blocker Heart Attack Trial, in which education was inversely related to mortality 3 years after a myocardial infarction.
11
Different patterns emerge among occupational categories. Senior level executives, particularly in the private sector, benefit from both lower incidence and CFR than other occupational categories. On the other hand, retired and non-active men exhibit both a high incidence and a high CFR. The lower health status of non-active subjects compared with active ones reflects in part the healthy worker effect. However, an increasing disparity between active and non-active men has been reported, 2 which might reflect the lower health status of the unemployed. The group of employees has a higher incidence whereas its case fatality does not differ from that of other categories. Conversely, among unskilled workers, the increase in CFR is more pronounced than the increase in incidence. As a whole, ratios between occupational categories appear larger for the incidence of AMI and ACEV (range 1-4) than for case fatality (range 1-3).
The interpretation of these contrasts across occupational categories is difficult. The CFR reflects the delay in seeking care and the quality of curative care provided in the health institutions. However, it is also related to the severity of the disease at admission. Previous and current lifestyles and psychosocial context thus influence CFR as well as incidence. 11 Among those cardiovascular risk factors, BP and tobacco smoking were found in our study to be associated with occupational categories and educational level. Systolic blood pressure was highest among farmers, the nonactive and retired men in contrast with the lowest BP levels found among senior and middle executives in the education and health sectors. The same was true for smoking, which was highest among the lower tertile of educational level. In addition to the disparities in the prevalence of hypertension, BP level under antihypertensive treatment was lower among middle executives, suggesting disparities in the effectiveness of antihypertensive treatment. These associations between occupational categories and risk factors have been reported in France 12 as well as in other countries. 10, 23 In contrast, cholesterol levels were similar among the various occupational categories. A slight or no relationship between occupational categories and cholesterol has been reported in the US, 24 and in Europe, in the Whitehall Study 25 and the Caerphilly and Speedwell studies. 26 This finding should probably be put into historical perspective since reports showing a lower total cholesterol level among lower classes (Whitehall Study in 1967-1969 25 ), or no association (Western Electric and Peoples Gas Studies in 1957 1958 27 ) should be compared with later studies in the 1970s and 1980s which found higher total cholesterol among lower classes. Similarly, data reported for HDLcholesterol were not consistent. 28 Quantitative differences in physical activity, as well as qualitative ones job-related versus leisure time activitiesbetween occupational categories might account for this result. 29 Unfortunately, precise data on this factor were not available here.
In our study, the higher the tobacco consumption in an occupational category, the higher the incidence of coronary events and the CFR. There is strong evidence for causality, suggesting that tobacco consumption accounts partly for these results. A high BP was related only to the CFR. These results are concordant with the importance of left ventricular enlargement and function in predicting adverse events after acute myocardial infarction. High blood pressure might thus be predictive of case fatality through its consequences on left ventricular function. 30 The lack of relationship observed between BP and incidence was unexpected.
Thus, two cardiovascular risk factors. BP and tobacco consumption, have been shown to explain at least partly the differences between occupational categories in our study, as in two other British studies. 10, 23 Since these two factors are highly amenable to preventive interventions, they should be given high priority in the development of preventive strategies to reduce health inequalities.
In conclusion, these results suggest that wide differences exist in France, regarding the incidence of the disease as well as its severity and prognosis between occupational categories. Whether frequency of invasive procedures and health care delivery differs between occupational categories remains to be clarified. In addition, both these measures of disease are the highest among groups who tend to underuse specialized services, preventive services and maintain their unhealthy behaviour. Reaching national health targets, as stated by the French Haut Comité de la Santé Publique. 31 implies addressing clearly the problem of equity in prevention. Some social and geographical groups are at high risk for disease. National goals will be attained only if additional progress is achieved in these underprivileged groups. This national policy approach has been adopted in Finland, Sweden, the Netherlands. 32 Tobacco control and hypertension control appear to be the two main targets to be used in this approach. Monitoring of progress and specific interventions are needed. The feasibility of strategies aiming at high risk groups, both for the disease and underuse of ambulatory care and prevention, has been shown. 33 Understanding the relationship between lifestyle and environment is another task, since health behaviour may not be understood as being under individual control only. Social determinants have been shown to be also involved. 34 In the long term, hypertension and smoking do not explain the whole picture. Pursuing efforts to document the economic and psychosocial factors involved is another direction of research to be continued.
